Contents

Editors and AULROTS...........couinniiiiiiiiieeee e 11

Preface
Rudolf Tschaut, Tami Rosenthal, Ashley Hodge, Molly Dreher ........ 17

Introduction to Extracorporeal Circulation in Theory and Practice
Pedro J. del NIAO «..ceuueeeeeneeeeieenieiniereiiieeeetieeeeeneneeeneeeeenensannnnns 19

History of Perfusion..............ccoovvirnicceneeen, 21

The History of Extracorporeal Circulation
WOIfGANG BOTECRET «..eeeeeeeeeeeeeeeeeeeeeeeeeeeteeee e 23

Anatomy, Physiology and Interaction
of Blood with Artificial Circuits ..........cccccooovvrvrrnnnne. 39

Anatomy and Physiology of the Heart
Juan Leon-Wyss, F. Vargas, S.P. HOETSITUP ....cccoevvevenveienniennn. 41

Blood and its Components
Sergio Picardo, Mario GOTACCT ....uueeeeeeeeeeeeenieeneeeiaenreeeeeeeeen 53

Interactions of Blood with Artificial Surfaces in the

Extracorporeal Circuit

Sebastian Vogt, Dirk Troitzsch, Stefan Kasseckert,

AdTTIAN BAUET «.cceevvvieeeeieiiiiieeeeeettiieeeeeeetaiiesesesesassnsessesassnnnnns 69

Anesthesia, Hemodynamics and Acid-Base
Management..............ccooooreernneceeee e 79

Anesthesia Considerations for Cardiopulmonary Bypass

Steven Bartels, Kathirvel SUbramaniam .......eceueveueeveeiniennvennennens 81
Hemodynamics
Jorgen Gormsen, Hans Nygaard .........cc.ccceeeueeeiiieiienncenieeieennnnen. 95

Monitoring of Cardiovascular Function and Hemodynamics

During Extracorporeal Circulation

Dirk Troitzsch, Sebastian Vogt, Seren Skov,

J. Michael HaSeNKAmM c....cuuvevuereenerinenennerinnneenereenssenssennesennsennsns 103

Acid-base Management During Hypothermic
Cardiopulmonary Bypass
ETVIN SEVEIAIJA vveeevveecveeeireeeireeeereeeereeeeseeeeseeesseeeeseeesseeesseeenseeas 121

Basic Principles of Pharmacokinetics
Hailey Collier, Kerry MORTFIEN ...ccceuueeeeennerereneereeneeeeenaneeenneneeenns 135



Contents

Interventions for Heart Disease ..........cccoovveveeunennn. 147

Coronary Artery Bypass Grafting
Joshua C. Grimm, WIISON Y. SZELO ...uvveuvveiiniiiiinieieinieeneennenn 149

Heart Valve Surgery in Adults
Peter Chen, Stephanie FUller .......c...eeeveueereeueereenieeeeeneneeenneneeenns 155

Transcatheter Aortic Valve Replacement (TAVR)
Harald C. Eichstaedt, Alexander Weymann..........eeeeeueeeeenneeeenen. 167

Thoracic Aortic Aneurysm and Aortic Dissection

Dirk Troitzsch, Sebastian Vogt,

Georg Kleikamp, Reiner KOTfer ......uueeveeeueererunereeenerereneeeeennenenes 175
Heart, Heart-Lung and Lung Transplantation

Dirk Troitzsch, J. Michael Hasenkam,
Gero Tenderich, Reiner KOTfer ......coeeeeeeeeeenereeenereeenereeeneneennnes 203

Fluid Mechanics and Hypothermia ............................ 221

Fluid Mechanical Aspects in Extracorporeal Circulation

HANS ROULT oottt eere e ea e e e eveeranees 223
Hypothermia

Robert A. Baker, Kenneth G. SRANN «..vuvuveveneieieiiiiiieeieeeneneanes 233
Materials and Coating ...........ccocoeveinnnnccce 239

Materials of Extracorporeal Circulation
Thomas Goen, Frank MUNCH......cccuuevvuerieerieeriiereiereenerneneenenes 241

Coating of Artificial Surfaces
Elena Barbara Anna Jost, Hans Peter Wendel ..........c..ceeeuun... 251

Extracorporeal Circulation ..............ccoooveiirinninnnne, 269

Principles of the Heart-Lung Machine
Molly Bryant, AllySONn AQUINO .....c.ceevevuneriiiniiieieniiieienireeinneneeenn. 271

Pulsatile Flow During Cardiopulmonary Bypass Procedures
Akif Undar, Shigang Wang .......c.eeeeveeeeveeesueeesueessueessseessseessseenns 279

Oxygenators and Heat Exchangers
D. Scott Lawson, Daniel Keller .....cc.veveeiuiiieiinieieniiiienenineenenennns 287

Tubing Systems for Cardiopulmonary Bypass
Carole Hamilton, DeniSe MaATiN c...eeveeneneeieieneneeeenenerereeneneeeenenes 297

Cannulation Strategies for Extracorporeal Circulation
Desiree K. Bonadonna, Richard J. Walczak Jr. ....c.ccevuveneiuienennnnn. 305



Contents

Filter Technology in the Extracorporeal Circulation
Molly Dreher, Tami Rosenthal, Ashley HOdGe .........ccueeveveuennnnnne. 313

Surgical Incisions and Cannulation Techniques
for Cardiopulmonary Bypass

Rainer Moosdorf, Sebastian Vogt .......ccuueeeeeuereeensererenereeennenenenes 321

Practical Management of Extracorporeal Circulation
Laura Dell’Aiera, Edward Darling, Jeffrey Riley .......c.ccueeeeennenene. 327

Myocardial Protection ............ccooovennnnreree 335

Myocardial Protection in Pediatric Cardiac Surgery
Christos Calaritis, Thomas YeN ....c.ceuveuieuiiiieiiiiiiiiiiieiieeeennennes 337

Advanced Techniques for Myocardial Protection in Adults
Linda B. Mongero, James R. Beck .......ccceeveeiiiunciiiiiiinnnicineeennnn. 345

Potential Complications of
Cardiopulmonary Bypass..........ccccoevervvvreerererererennn. 355

Immune and Inflammatory Response after CPB
Kristin C. GTeAtROUSE ...cceueveerunereiineiretieeeeineretineeeeenneserennenenes 357

Cardiopulmonary Bypass and the Lung
CRFIStING PREIPS eevueereeeneeeeiieiieieeieeiee et eee s e et s eeene s enenes 373

The Effects of Cardiopulmonary Bypass on the Kidney
Bernadette Chen, Eric A. LIOYd ....cceueeeeeuneieiinereiieereineneeenenes 393

Neurologic Complications of Cardiopulmonary Bypass
MEelisSA G. CRUNG «.evvunereinneieeinereiineeretieneetneretenesernneserennenenes 403

Heparin Induced Thrombocytopenia
Devon AGanga.......ceuveueveniiniiiniiiiiiniiniiiiiniii e 417

Blood Conservation............ccooeeeveeeeeeeeeeeeeeeeeeeeeneeveenns 425

Blood Management

David C. Fitzgerald, Joseph J. SiStiN0 ......ccceeevvemueerieeiinnnierreeennnn. 427
Autotransfusion During Cardiac Surgery

MOILY DTERET ...cevueeeeeineeeetieeeetieeettneereteeeeetneeernneasensnesesennnsenes 439
Dialysis and Hemofiltration.............cc.ccocovrvirrnnnee. 445

A Brief Introduction into Hemodialysis
Peter Kotanko, Vaibhav MaheshwWari .........cceeeeeueeeeeeneeneeeneeneennns 447



Contents

Special Aspects of Hemofiltration and Hemoperfusion
Frank MUNCR c..covueiiuiiiiiiiie et cevee et e eaeeevs e e s eveseaeees 453

Renal Replacement Therapy (CRRT) Applications for ECMO
LaAuren ANAerSON.....cuueeeueieeueeeiieerieseteesreeesseeeseeesesesnesesessnnnees 469

Mechanical Circulatory Support and
Pacemaker Use...........ccoeerviieireeeeeeseeeeeens 477

Intra-Aortic Balloon Pump
Courtney N. TRUIMAN .c.cooeeveeiiiiiiiiiiiiieieeeeeeee e e e e e e e eeeeeeeees 479

Mechanical Circulatory Support: Indications, Applications
and Complications
Christian Heim, M. Weyand, Rene Tandler ..........cccceueeevenenannne. 485

Pacemakers & Implantable Defibrillators
Harald C. Eichstaedt, Jerry EQSO ......ceveeuuereeennerernneerereneneeennenenes 497

Synchronized Cardiac Support

Christoph Liebetrau, Ivo Simundic, Autumn Lang,
Holger Zorn, Alexander GRANEM ........cvvevuireieneiiiincreiineereeennnes 513

Congenital Heart Failure and Treatment.................. 519

Surgery for Congenital Malformations of the Heart
Constantine D. Mavroudis, Michael Ibrahim .......cccccveuveuieniennne. 521

Cardiopulmonary Bypass in Congenital Cardiac Surgery
EIrina Joubert-HUEDNET .......covueiiiiieiniiiiieetieeenieeenieeniesennesennnees 533

Neuro Cerebral Monitoring During Pediatric Cardiac Surgery
Marin Jacobwitz, Daniel LiCAt ......ceueveueeeiieneeeieeneeeeeeneeeeeeneeneennns 565

Special Perfusion Techniques............c.cccceoeverrrerrnnene. 571

Use of Extracorporeal Systems (ECC, ECMO, ECLS)
During Pregnancy
JORANNES GERTOM c.vvvvuiiiiiiiiiieiiiiiiieiece ettt ettt eeeaaaes 573

Hyperthermic Chemoperfusion: HIPEC and HITHOC
Christoph Benk, Andrea Proneth .......c..eeveeeueeeeenereeeneereeenaneennnns 579

Accidental Hypothermia
ETVIN SEVEIAIIA covveeerveeeeeeeeeeeeeeeeeeeeeeeseeeesveeesseeesseensseenseeennes 587

Orthotopic Liver Transplantation
Kristen Burton, KAthryn GTAY ....c.eeeeeeeeeeneeeeenneeeenneesernneeeeennenenes 599

Perfusion for Thoracic Aortic Surgery
MaATC DECATIO cuuevriereiiiieitieeitieetieeeteeeteeeeiesetieestseansennessnnnaes 603



Contents

Isolated Ex-Vivo Organ Perfusion
Rolf Klemm, S. Maier, C. BENK ....ccuueereeuueeeeinererineeeerneneennnenenes 607

Extracorporeal Life Support (ECLS)
Techniques and Management.................ccococeenennennn. 615

Extracorporeal Life Support: Pediatric Respiratory
and Cardiac Disease
Julia Slovis, Anna Roberts, Todd J. Kilbaugh ...........cccceeeevuuenennnen. 617

Extracorporeal Life Support: Neonatal Respiratory

and Cardiac Disease

K. Taylor Wild, Brian Wallace Gray, Marissa Brunetti,

James T. Connelly, Natalie RiNtOUL.........ccecuuereeuneereennereeennneennnn. 629

Extracorporeal Carbon Dioxide Removal
TROMAS BEIN cevuieeineretiieeeeinee et e ereee e et e eren e e eraneseeenesenanes 639

Transport while on Extracorporeal Membrane Oxygenation
(ECMO) Support
Klayton W. Buckley, Berkeley E. Stevens, Thomas J. Preston ........ 643

Veno-arterial Extracorporeal Life Support for Adult Patients
Desiree Bonadonna, Lynn MCGUGAN .......ceeevneeeeenneereenneeeeennanenes 653

Tissue ENgineering ............ccoveeeereecernrecsernenssnnnenns 663

Stem Cells and Cardiovascular Regeneration
Gustav Steinhoff, Julia Nesteruk, Paula Muller .......cc.ccccceueenenene. 665

Accidents during Extracorporeal Circulation .......... 681

Surgical Accidents During Extracorporeal Circulation
Michael Mulvihill, Richard Walczak, Andrew J Lodge.................. 683

Technical Accidents During Extracorporeal Circulation
RODEIt C. GIOOM ceuuiiviiiiiiiitieiiiieetieeetieeeieeeeiessteestsetiesennesennnaes 687

Emerging Technology ..........ccccooveeviriineeeeeeena 699

CARL - Controlled Automated Reperfusion of the Whole Body
Christoph Benk, F. Beyersdorf, G. Trummer .........cceeeeeeeuereennenes 701

Collection of Formulas
AleX CRAPPEIL ...eneeeneriiieiieiiieeetiee ettt eee e e eeanes 709

Subject INdeX ....ccceuuuiiiiiiiiiiiiiiiiiiii e 715



